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Background -The migration and proliferation of fibroblasts may be important in the pathogenesis of pulmonary fibrosis. Considerable data are available on the proliferation of fibroblasts, but very few on their migration. Methods -The migratory activity of fibroblasts obtained from lung biopsy specimens from 11 patients with idiopathic pulmonary fibrosis (IPF) was studied using a 96-well chemotaxis chamber. Fibroblasts from eight normal controls, seven patients with interstitial fibrosis associated with a collagen vascular disease (IP-CVD), and 13 patients with sarcoidosis were also examined. Migratory activity was tested in a serum-free medium in the presence and absence of platelet derived growth factor (PDGF), 30 We have investigated the migratory activity of fibroblasts derived from human lungs of patients with IPF, IP-CVD, and sarcoidosis.
Methods

STUDY POPULATION
The study population consisted of eight control subjects (four men, mean age 59 years), 11 patients with IPF (eight men, mean age 61 years), seven patients with IP-CVD (two men, mean age 51 years), and 13 patients with sarcoidosis (five men, mean age 44 years). IPF 30 mg/l (Wako, Osaka, Japan), and sodium bicarbonate, 075 mg/l (Katayama, Osaka, Japan). The minced and washed tissue fragments were then placed into six-well polystyrene plates (Nunk, Roskilde, Denmark) and covered with a cover slip to make the tissue adhere to the dishes. After the addition of 2 ml of DMEM the tissue was incubated under a humidified atmosphere of 5% carbon dioxide at 37°C with the medium changed twice weekly. When the bottom of each dish was coated with a monolayer of confluent fibroblasts, usually after 4-6 weeks, the cells were detached by the addition of 0-25% trypsin/l mM EDTA (Gibco), resuspended in DMEM and placed in 75 cm2 flasks (Iwaki, Funahashi, Japan) with 20 ml DMEM. Subsequently, when cells again reached confluency, they were split 1:2. For the following experiments 3-11 x population doubling level of cells were used for assay. Fibroblast aliquots at different population doubling levels were frozen and stored in liquid nitrogen. The cells had morphological features of fibroblasts by phase contrast microscopic and transmission electron microscopic examination. The cells were confirmed to be free of mycoplasma infection (checked with a MycoTect Kit, Gibco).
MIGRATION ASSAY
A 96-well chemotaxis chamber apparatus (Neuro Probe, Cabin John, Maryland, USA) with a polyvinyl pyrrolidone-free polycarbonate filter and a pore size of 8 gm (Neuro Probe) was used for the migration assay. The volume of each lower chamber was 30 p1 and that of each upper chamber was 225 p1. The exposed filter area was 18 mm2 per well. Since fibroblasts do not normally attach to polycarbonate filters, they were precoated with collagen to allow an adequate number of cells to attach. '6 Because the collagen with which a filter is coated may possibly influence the migration of fibroblasts, a gelatin-coated filter was used. The results showed that migration was similar to that through a collagen-coated filter (data not shown). It has also been reported that chemotaxis through a chemoattractant-coated filter is not influenced by the chemoattractant. 7 The filters were immersed in sterile 0-5 M acetic acid at 50°C for one hour, rinsed in sterile distilled water, and treated with collagen solution (Bottger, Berlin, Germany), 30 ,ug/ml, overnight at 37°C, washed with sterile distilled water three times, and air dried. Serum-free DMEM, 30 1l, was added to the lower chamber, with or without human recombinant PDGF BB (Amersham) which is known to be a potent inducer of chemotaxis." The various concentrations of PDGF BB examined were 0 3, 3, 30, and 100 ng/ml using a fibroblast line from a control subject. The maximal migratory response was found to be at 30 ng/ml (data not shown), so this concentration was used in this study. A filter was then placed over each well and the upper chamber was fastened in place.
Detached fibroblasts were harvested by washing the flasks with PBS after their contents had been incubated with 3 ml 0.25% trypsin/ 1 mM EDTA for three minutes. The cells were than centrifuged at 800 g for five minutes and resuspended to 2*5 x 1 05 cells/ml in serum-free DMEM. A 200 gl aliquot of cell suspension was added to the upper surface of the filter.
To examine the effect of factors that might influence migration, recombinant human interleukin 1 3 (IL-i1 () (Amersham, Buck- inghamshire, UK), 1 ng/ml, recombinant human interferon y (IFN-y) (Genzyme, Cambridge, Massachusetts, USA), 1000 U/ml, indomethacin (Paesel-Rorei, Frankfurt, Germany), 1 jg/ml, and dexamethasone (Molecular Probes, Oregon, USA), 1 mmol/l, were each added separately to the cell suspension and the chamber was incubated at 37'C for six hours. The filter was collected and its upper surface scraped to remove cells that had not migrated to the lower surface. Fibroblasts that had migrated to the lower surface of the filter were fixed with methanol and stained with May-Gruenwald and Giemsa stains. Migration fibroblasts were counted in two different fields per well at a magnification of x 100. Each assay was performed in triplicate and the mean value was recorded. To determine the effect of the orig fibroblasts with various degrees of fil changes on migrations, the migration of blasts derived from early fibrosis and dense fibrosis was compared (fig 3) . The ration of fibroblasts from areas of dense fil was greater than that of fibroblasts from fibrosis, with the exception of one case ulated with PDGF. No differences in ration were found for fibroblasts from pa with sarcoidosis of different radiogr grades (data not shown). IL-I3, 1 ng/ml, IFN-y, 1000 U/ml, indomethacin, 1 jig/ml, and dexamethasone, 1 mmol each added separately to the cell suspension. 
PROLIFERATION OF FIBROBLASTS
Compared with fibroblasts from controls, fibroblasts derived from patients with fibrosing pulmonary tissues, especially in sarcoidosis, A showed a tendency towards increased proliferation (table 2) . No correlation was found between migration (cells/field) and proliferation offibroblasts derived from any patient (six controls, four IPF, four IP-CVD, and 10 sarcoidosis), whether stimulated with PDGF or not.
To evaluate the characteristics of protein synthesis by fibroblasts from fibrotic lungs, the concentrations of IL-lac and hyaluron were assayed in the maintenance medium in which fibroblasts were cultured in a confluent monolayer. Interleukin-1 a could not be detected with an ELISA kit (the minimum detectable conI~centration was 3 9 pg/ml). The mean (SD) hy-E aluronan levels were raised at 3980 (680) '7) proportional to the intensity of the fibrosis. 
